
DROPLET SPRAYING DEVICE AND METHOD 
OF MANUFACTURING THE SPRAYING DEVICE 



Field of the Invention 

[00011 The present invention relates to a liquid-drop 
spraying device placed in a rawmaterial fuel discharging 
device which is used for a variety of machines for treating 
the above described liquid or acting by for discharging 
a liquid raw material or fuel. 

D e scription Background of the Prior Art In vent ion 
[00021 A conventional liquid-drop spraying device is a 
liquid-drop spraying device performing spraying by 
discharging a liquid-drop from a discharging outlet due 
to the volume changes of a plurality of pressure 
rooms chambe r s , which are connected to the — a common 
pao o pa s sage via inlets provided in these respective 
pressure rooms chamber s 7 — A 

pio z o — Glcctric piezoelect ric / elect rostrictive element 

is formed on one portion of a wall in every pressure 

room chamber and the relevant element is changed in shape 

by a voltage signal applied to the relevant element. 

Then, in the case where a large amount of a liquid is 
discharged by use of a raw material fuel discharging 
device, a large number of discharging unit — units 
providing one piozo — cloctric piezoelectric / 
electros trictive element in one pressure room chamber 
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have bccn are placed eft- in a liquid-drop spraying device 
or the discharging period has been made shorter. In 
such a liquid-drop spraying device, for example, which 
is used as a fuel ejecting device densely arraying a 
large number of ejecting elements having a nozzle in 
a staggered arrangement on the entire inside wall surface 
of an inlet manifold in carbureter a carburetor of an 
internal combustion engine, there is a fuel ejecting 
device published in Japanese Unexamined Patent 
Publication No. 54-90416 ( 1979) official gazette, ^fe-s- 
The cavity of each ejecting element is made formed on 
the manifold wall so that the nozzle is located inside, 
and a piczo - clcctric piezoelectric vibrator is placed 
on the outside surface via a thin metal plate. _Then, 
each ejecting element is connected to a fuel tank via 
passage equipped with a check valve, a liquid within 
a cavity is ejected from the nozzle towards the inside 
of a manifold by the vibration of the 
piczo — clcctric piezoelectric vibrator. 

[00031 However , even if a liquid-drop spraying device is 
provided with a large number of discharging units in 
order to increase the discharging amount, since the 
displacement amount of piczo — clcctric the piezoelectric 
/ elect rostrictive element is small and a-ft- the area where 
the discharging units are placed is limited, depending 
on the use, there have been cases that where a sufficient 
discharging amount cannot be sprayed. 

[00041 Moreover, that — manufacturing costs rise when a 
large number of discharging units are provided 
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corresponding to the required discharging amount, and 
that — when a piogo - clGctric piezoelectric / 



amount of displacement is integrally laminate molded 
with a pressure room chambe r to perform precise alignment 
on the pressure room chamber , arc fact o r s — that — raise — the 
manufacturing — cost . 

[00051 Furthermore, that — a -even when the pressure 
room chambe r and pic z o — clcctric piezoelectric / 
clcctrostriction electrostrictive element are 
integrally sintered and formed -±s — as a m eans for 
suppressing the manufacturing cost, however, there has 
been — a — limitation — that matcrials the material choices 
for the vibration source for increasing and reducing 
the pressure of a pressure room chambe r are limited. 

Disclosure — Summary of the Invention 

[00061 A ccordingly, in order to resolve solve the above 
described problom problems , the present inventor — 
invent ion provides a liquid-drop spraying device capable 
of spraying a liquid from a discharging outlet by a__ 
vibration sources — source such as a 

pi G zo - clcctric piezoelectric / electrostrictive element 
and others which arc is provided to a liquid sump with 
two or more pressure rooms chamber s e-r — paos and/or 
passages or — e tc . — by the number — loss — than the number — e-£- 
thc — pre osurc — rooms , and increase increases and reduce 
reduces the pressure of the chambers to them in the liquid 
sump . 




ion electrostrictive element of small 
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[00071 — According to one embodiment of the present 
invention of — claim — 1 — out — — the — invention — as — cla imcd 
4rft — the — application — concerned , a liquid-drop spraying 
device has — includes a liquid sump consisted — e-f — 
^ ecomprising a plurality of pressure room chambe r s 
equipped with at least one discharging outlet, and a 
paoo passage connected to one or more pressure 
r oomo chambe r s via an inlet a-ft-d— for supplying a liquid, 
and a vibration source causing the relevant liquid sump 
to change the volume, and in which at least two or more 
relevant — p r e s s u r e rooms chamber s are provided with 
respect t o the relevant — v ibration source. Owing — Due 
to this, not — only — a — liquid can be discharged from a 
plurality of discharging outlets b-y — in one action only 
b y only driving one vibration source, but — aloo — a- t he 
vibration source itself becomes larger, the selection 
of design i-s — more — various can be varied more than 
conventional onc one s , and a larger displacement can be 
generated . 

[00081 Now, a- the liquid sump is designed so that it does 
not have a valve structure in an inlet coupling a pressure 
room chamber equipped with at least one discharging 
outlet and a paoo passage supplying a liquid to one or 
more pressure r oomo chambe rs 7 — when . When a liquid is 
discharged^ since pressure variation variations caused 
by increasing and decreasing the pressure occurs occur 
in pressure rooms chambers , a large amount of back flow 
is not generated from the inlet provided in a narrow 
and small area to the pas s pas sage . Moreover, it wi 1 1 
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be good is preferred that the vibration source is a member 
vibrating a predetermined vibration, and that the 
vibration source also includes al so a general vibration 

source^ such as a solenoid coil and the like^ besides 

beside the one in which an electric signal is converted 

— dircct directly to a physical operation such as a 

pic z o — clcctric piezoelectric / 

cloctrootriction electrostrictive element. _ 
Particularly, a piozo — clcctric piezoelectric / 
clcctrostriction electrostrictive element -i-s — provides 
an excellent in its J _quick|_ response, a large force and 
high accuracy of vibration vibrational amount, and it 
is preferable. ^Moreover, a — the structure of a— the 
piozo — clcctric piezoelectric / 

clcctrostriction electrostrictive element is not 
limited to structures such as a single layer element 
forming having electrodes formed on i ts both its sides 

and — a-_. A composite element for enlarging special 

displacement i** — space by — combining in combina t ion with 
other elastic materials and the like, — a ct ua t or and 
a laminated molding — actuator including 
pi c z o — clcctric piezoelectric / electrostrictive 
elements and electrodes arranged over mul t iplaycr — 
multilayers is suitable from the viewpoint of its low 
voltage driving ability and large displacement ability. 

[00091 Moreover, according to another embodiment of the 
present invention of claim 2 is , a liquid-drop spraying 
device is provided in which a— the liquid sump and a— the 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



6 



vibration source are separate bodies. Owing Due t o this, 
the vibration source can be individually formed 
separated separately from the liquid sump 7 — for . For 
example, the vibration source can be formed by from a 
material for enlarging the displacement amount, 
separated separately from the liquid sump.__ Moreover, 
if the material of the liquid sump is, for example, a^ 
metal, its toughness is enhanced, and its durability 
can be increased. And since the m aterial components 
for forming the vibration source i-s — are not diffused 
to a_side of a substrate equipped with the liquid sump, 
the material of the substrate is stable and durability 
is further enhanced. 

100101 Now, as for the relationship between the vibration 
source and the liquid sump, it io while they do not needed 
*re — be — contacted — with need to contact each other in a 
constant state, it will be good if at least a vibrating 

portion or a movable portion is contacted for the 

transition of vibration even if they are apart a^fe — 
tho during a certain interval. However, in the case 
where the vibration is transmitted to a plurality of 
pressure r oomo chambe r s at the same time by the same 
vibration source, it is pr e f e rable they arc — contacted 
wi th pre f erred that the vibration source and liquid sump 
contact each other even in a constant state. Concretely, 
they are retained in a contacted state by a mechanical 
adjustment means such as a spring , a_screw and the like. 
Moreover, the liquid sump and the vibration source which 
are separate bodies can be also fixed by an adhesive, 
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a_filler added adhesive, a thermal diffusion method and 
the like. Furthermore, the movable section of the 
vibration source is not necessarily required to be 
directly neighboring to or contacted — in contact with 
the liquid sump, and it is sufficient to te-e — con tact od 
wi th contac t the vibration source via at least one 
relaying member for transmitting vibration vibrations 
to the liquid sumpT — ±^ft , In this case, since adjustment 
can be carried out by the relaying member, alignment 
of the vibration source becomes unnecessary, the — 
reduction — — a- reducing the number of the vibration 
sources i-s — becomes possible, and cost reduction is 
contemplated . 

[00111 Moreover, according to the present invention of 
claim 3 — £-s->_ a liquid-drop spraying device is provided 
in which one portion of the vibration source is fixed 

on a_f ixation section such as a base frame and or the 

like , and at least one portion of other vibration portions 
or movable portions io contacted with a contact the liquid 
sump.___ Owing Due to this, the vibration of the vibration 
source is more efficiently transmitted to the liquid 
sump, and spraying efficiency is enhanced. 

[00121 Moreover, according to the present invention of 
claim 4 — ±s-j_ a liquid-drop spraying device is provided 
in which at least one surface out of the contact surfaces 
on which between the vibration source and the pressure 
room chambers arc contacted with each other is in a convex 
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shape . _N o w , a — the c ontact surface is referred to a s 
a vibration transmitting surface for the vibration 
source and a— the vibration transmitted surface for the 
pressure r oom chambe r to cause volume change in the 
pressure r oom chambe r by the vibration source, and in 
the case where at least one of them is in a— an outwardly 
convex shape toward outside , the other will be good in can 
have any ohapo — of a convex shape, a smooth shape and 
a concave shape in a constant state, provided the — 
vibration that vibrations can be transmitted. 

[00131 Moreover, according to the present invention of 
claim — § — i-s-/_ a liquid-drop spraying device is provided 
in which the vibration transmitting surface of the 
vibration source is smooth, and the vibration 
transmitted surface of the pressure r oom chambe r is a 
thin walled portion projecting toward out o idc outwardly . 
~~ It will be good is preferred that the pressure r o om chambe r 
equipped with includes a thin walled portion projecting 
towa rd — outo idc outwardly, which is formed at the same 
time when the liquid sump including the pressure 
room chamber is formed, and it will — b-e-is also good 
preferred that a projecting object is formed by adhesion 
and — or the like e-f* — at a predetermined location — on 
the vibration transmitted surface after forming the 
liquid sump. 

[00141 Moreover, according to the present invention of 
claim — 6 — ±-s-,_ a liquid-drop spraying device is provided 
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in which at least one of the contact surfaces where the 
vibration source and the paoo passage arc — contacted — 
wi th con tac t each other is in a convex shape. Owing — Due 
to this, the change e-£ -in the volume due to the increasing 
and reducing prcoourc — e- £p ressures in the pao o pas sage 
caused by the vibration source disperses to a plurality 
of volume reduction sections via the inlet and causes 
a droplet to discharge. 

[00151 Now, although a— the shape of the pressure section 
of the vibration source is appropriately defined by a- 
the shape of a paoo the passage- ^9-, it is not necessarily 
limited to a shape for pressurizing the entire passage 
area ofapaoo . _Concretely, it will be good is preferable 
that only a center portion out of the thin walled section 
located upper of above the paoo passage is contacted, and 
in the case where a plurality of paooeo passages exist, 
it will bo Qiao good is also preferable that all of the 
paooeo passages are pressurized. ____It will be also good is 
also preferable that only part a portion of the partial 
paoo passage is pressuri zed considering the distance from 
the inlet and it is selected according to the discharging 
efficiency, dimensions, shape and the like. 

[00161 Moreover, according to the present invention of 
claim — 1 — i-s-^ a liquid-drop spraying device 4^ — whi ch i s 
provided including bridge portion portions between the 
pressure roomo chamber s i-s — contacted — with that contact 
the vibration source . Now, it will be good is preferable 
that in the case where at least one of the contact surfaces 
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is in a— an outwardly convex shape toward outside , the 
other io in has any shape one of a convex shape, a smooth 
shape and a concave shape. ^Particularly , in the case 
where a thin walled portion of the a pressure room chamber 
is formed in a concave shape with respect to the bridge 
portion, when the flat vibration source pressures the 
bridge portion once, the bridge portion shifts to the 
pressure direction and the central portion shifts to 
the contrary — opposite of the pressure direction with 
respect to an end portion of thin walled portion in a 
concave shape, and then the volume of the pressure 
room chamber increases and the liquid is supplied from 
the pass passage . _And, as the pressuring of the 
vibration source is completed, the pressure r oom chambe r 
returns to the original state and when the volume 
decreases, the liquid is discharged from the outlet, 
and by repeating this, the liquid bccomco in a spraying 
state . — is sprayed. Owing — Due t o this, the bridging 
portion has a thickness ^fe-e — in the direction of the 
increasing and reducing the pressure of the vibration 
plate that is greater compared to the thin walled portion, 
therefore, the bridging portion i-s — more — 
excellent exhibits much better durability than the thin 
walled portion in — durabi lity . 

[00171 Besides this, forming the thin walled portion in 
a concave shape indicates that if it is in a convex shape, 
4^ — requires a step of making the height of the convex 
be certain level is required , while the height of the 
bridge portion is the same with the thickness of the 
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entire device , therefore . Therefore , it is easy to make 
the a substrate with the thin walled portion in a convex 
shape and the number of ma king — steps is reduced. _It 
should be noted that when the bridging portion is 
pressured by the vibration source and an end portion 
of the thin walled portion in a concave shape shifts 
to in the direction of pressuring, the bottom portion 
with respect to the thin walled portion of the pressure 
room chambe r requires a thickness that i s no t ^e-shi f ted , 
and the amount of thickness 4rs — needed t-e — can be 
appropriately adjust adjusted by material selection , 
mixing rate, and the length, width and thickness of the 
bridging portion. _ Moreover, by adjusting the 
dimensions, shapes and the like of the pressure 
room chamber and the bridge portion, it can be also 
designed so that the volume -A capacity of the pressure 
room chambe r is reduced when pressuring. _ For example, 
in the case where the width of the bridge portion is 
sufficiently narrowed with respect to the pressure 
ro o m chamber , or in the case where the side face of the 
pressure room chamber is formed diagonally with respect 
to the upper surface or the bottom surface, the upper 
surface and the bottom surface are deformed in parallel 
so that the total thickness of the entire device is reduced, 
thereby reducing the volume and the like of the prcoouring 
room and di o cha r ging pr e s su r e chamber to discharge the 
liquid . 

[0018] Moreover, according to the present invention of 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



# • • • 

12 



claim — 8 — i-s-^_ a method of manufacturing a liquid-drop 
spraying device is provided, in which after a liquid 
sump conoiotcd consisting of the a plurality of pressure 
room chambe r s having at least one discharging outlet and 
tho — paso a passage connected to one or more pressure 
rooms chamber s via an inlet and for supplying a liquid— 
a^vd is separately formed from the vibration source for 
causing the relevant liquid sump to change the — volume 
arc separately formed , the liquid sump and the vibration 
source are integrated so that vibration the vibrations 
of the relevant vibration source io are transmitted to 
the relevant — liquid sump, then — such that two or more 
relevant — p r e s s u r e r oomo chambe r s are provided with 
respect to the relevant — vibration source. Owing — Due 
to this, since the vibration source and the liquid sump 
can be formed by different materials and steps, for 
example, the vibration source can formed hy — from a 
material for enlarging -a-R — the amount of displacement 
and bcing which is different from the material of the 
liquid sump which has been sintered, and the material 
of the liquid sump can be a metal having a high toughness 
and durability. __Then, since the material component 
forming the vibration source does not diffuse to the 
liquid sump substrate having — fe-h-e — liquid — sump , the 
material of the substrate becomes stable and its 
durability can be more enhanced, and furthermore, the 
liquid sump and the vibration source can be individually 
checked, and better reliability is more — secured. 
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Brief Description of the Drawings 

[00191 FIG . 1 is a vertical sectional view of a discharging 
unit of a liquid-drop spraying device; 

FIGS. 2(a)-2(c) are illustrations showing the — 
othcr another liquid-drop spraying device; 

FIG. 3 is an illustration showing the othcr another 
liquid-drop spraying device; 

FIG. 4 is a perspective view showing the liquid-drop 
spraying device of FIG. 3; and 

FIGS. 5(a) and 5(b) are illustrations showing the 
othcr another liquid-drop spraying device. 

[00201 Description of rcfcrcncco the reference numerals 
used in the Figures: 

I DISCHARGING UNIT OF THE LIQUID-DROP SPRAYING 
DEVICE*? — £_ 

10 PRESSURE ROOM CHAMBER— ; 
10a THIN WALLED PORTION-?— ; 

II DISCHARGING OUT LET 7 — ; 
11a NOZZLE H0LE 7 — j_ 

12 INLET HOLE-? — ; 

13 VIBRATION SOURCE 7 — j_ 

13a PI EZO - ELECTRIC PIEZOELECTRIC— /— 

ELECTROS TRICT I ON ELECTROS T RI CT I VE ELEMENT 7 — j_ 

13b ACTUATOR— i_ 

14 BRIDGING P0RTI0N 7 — ]_ 

15 ELECTRODE 7 — ; and 
20 PASS PASSAGE . 
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Be o t — Mode — for — Carrying — Q^ -Detailed Description of the 
Invention 

[00211 The mode — modes for carrying out a liquid-drop 
spraying device of according to the present invention 
will be described in detail below. 
[00221 

FIG. 1 is a vertical sectional view of a discharging 
unit 1 of a liquid-drop spraying device. _The pressure 
r oom chambe r 10 discharging discharges a liquid-drop due 
to the a reduction of in the volume of the liquid sump 
provides thc and includes a discharging outlet 11 having 
tho — a nozzle hole 11a which s-s — openod opens outwardly 
in a lower portion of an end 7 — provides — the thereof, an 
inlet hole 12 on the other end of the surface whore thc on 
which discharging outlet 11 is provided, and the relevant 
pressure room chamber 10 is connected to the paso passage 
20 via the inlet hole — 12. _Moreover, on the — an upper 
wall portion of the pressure room chamber 10, the 
vibration source 13 is integrally provided and mounted 
in a transverse direction so as to range over the upper 
wall portions of %4*e — other pressure rooms chamber s 10 
transversely arranged in parallel. _The vibration 
source 13 is the piozo - cloctric piezoelectric / 
elect r os trictive element 13a laminating — the , which 
includes an upper portion electrode, the 
piGzo - clcctric piezoelectric / elect ros trictive layer 
and the lower portion electrode / by , which are laminated 
together . By applying a predetermined voltage signal 
to the pic zo — clcctric piezoelectric / electrostrictive 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



15 



element, the pic z o — clcGtric piezoelectric / 

elect rostrictive element is deformed by the electric 

field generated between the upper portion electrode and 

the lower portion electrode, by dc f orming which deforms 

the wall portions of tho — mounted m ultiple pressure 

rooms chambe r s 10 at the same time 7 — ^_ 

[00231 

Thus, a— liquid supplied to the respective pressure 

roomo chambe r s 10 arc is discharged as liquid-drops from 
the discharging outlet 11 ao a liquid - drop at the same 
time by the pressurized force generated in the respective 
pressure roomo chamber s 10. To the contrary, — a-s- As the 
lower surface of the vibration source 13 rises upward 
to return to the original position, the thin walled 
portions 10a of the multiple pressure roomo chambe r s 10 
also return to the original shape at the same time, a- 
and liquid is supplied via the inlet hole 12 to the a_ 
respective pressure r oom chambe r 10 from the paoo pas sage 
20 due to a negative force generated in the respective 
pressure roomo chambers 10 and as the device prepares 
for the next ejection. A liquid — drop io Liquid drops 
are ejected in a opraying o tat o ( sprayed) by repeating 
this process . _ 

[00241 FIG . 2 — (-a-)-2 ( a ) is an illustration showing the 
othor another embodiment of FIG. — 3r the liquid drop 
spraying device according to the present invention . The 
pressure room chambers 1 0 provide s — thc includes 
discharging outlet — outlets 11 having trh-e — nozzle hole 
holes 11a, which i-s — oponcd open outwardly in a lower 
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portion of an end thereof , provides — t4*e — inlet 
hole includes inlets 12 on the other end of the surface 
whore on which the discharging outlet outlets 11 is are 
provided, and the re levant — respective pressure 
room chambers 10 is are connected to the paoo passage 20 
via the inlet — hole inlets 12. _Particularly, the thin 
walled portion portions 10a of the pressure r oom chambe r s 
10 is are formed outwardly in a convex shape outwardly , 
and a concave portion is formed between this and the 
thin walled portion 10a of the — othcr another laterally 
located pressure r oom chamber 10 located laterally, — the 
concave — portion — i-s — formed . 

[00251 On the other hand, a separately formed vibration 
source 13 is provided in the an upper position of the 
upper wall portion of the pressure r oom chambe r IO7 — the 
vibration — source — 1-3 — which — ±s — separat e ly — formod — i-s — 
equipped , — the . The lower surface of the vibration 
source 13 is formed smoothly (e.g., flat) , in a usual 
state, and the poo i tional — relationship — e-f — the — lower 
surface of the vibration source 13 and the thin walled 
portion — portions 10a of the pressure room chambers 10 
being — contacted — wi th contact each other— i-s — kept . _ 
Moreover, the vibration source 13 is also formed in a 
longitudinal shape in a transverse direction so as to 
range over till — the upper wall portion of the other 
pressure r oom chambe rs 10 arrayed laterally in parallel. 
[00261 The vibration source 13 is an actuator 13b formed 
by laminating pic go — cloctric piezoelectric / 




ive elements and electrodes over a 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



17 



plurality of layers, and provides excellent i** — low 
voltage driving ability and high displacement ability 
as a structure vibrating upward — upwardly and 
downward downwardly . _By applying a predetermined 
voltage signal to the actuator 13b, the lower surface 
of the vibration source 13 at the illustrated position 
is lowered, a — and liquid supplied to the respective 
pressure roomo chamber s 10 is discharged as liquid-drops 
at the same time from the discharging outlet — outlets 
11 a-s — a — liquid — drop — a-fe — the — same — time , — due to the 
pressurized force generated in the respective pressure 
rooms chambers 10 by simultaneously deforming the thin 
walled portion portions 10a in a convex shape outwardly 
of from the multiple pressure rooms chamber s 10. To the 
contrary, ao As the lower surface of the vibration source 
13 rises upward to return to the original position, the 
thin walled port ion portions 10a of the multiple pressure 
rooms chambers 10 also rcturno — return t o the — their 
original ohapc — shapes at the same time, a — and liquid 
is supplied via the inlet hole — 12 to the respective 
pressure r oom ch amber s 10 from the pass passage 2 0 due 
to a negative force generated in the respective pressure 
roomo chambers 10 and as the device prepares for the next 
ejection. A liquid — drop is Liquid drops are ejected i-R- 
e — opraying — state (sprayed) by repeating this process . 
[00271 FIG . FIGS . 2-(b) and 2_(c) exemplify show forms of 

the — laminated actuators 13b utilizing a longitudinal 

pic zo — oloctric piezoelectric effect and transversal — a_ 
transverse piczo — oloctric piezoelectric effect, 
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respectively, and — which are selected corresponding — 
according to the required drive voltage, the amount of 
displacement, the desired shape and the like. 

[00281 FIG ■ 3 and FIG. 4 are illustrations showing the 
other embodiment — embodiments o f FIG . — 1 — and — FIG . — 3 -the 
liquid drop spraying device according to the present 
invention . _ Although the pressure r oom chambe r s 1 0 
provide o tho include discharging outlet outlets 11 having 
the nozzle hole holes 11a, which is opencd open outwardly 
in a lower portion of a-R— a respective end thereof , since 
in this embodiment— the relevant pressure r oom chambe r s 
provides th o include inlet hole inlets 12 on the an upper 
surface of the other end of the surface where on which 
the discharging outlet outlets 11 is are provided and 
the relevant p r e s s u r e r oom chambe r s io are c onnected to 
the paoo passage 20 via the inlet — hole inlets 12, the 
pas o pas sage 20 is located in more an upper position than 
compared to that of the pressure room chamber 10, it io 
formed in tho in a positional relationship closer to the 
upper surface of the discharging unit 1. 
[00291 On the other hand, above the upper wall portion 
of the pressure r oom chambe rs 10, the vibration source 
13 is separately formed and fixed partially on the — a 
base framed — equipped , the lower surface of which is 
to be a the movable section of the vibration source 13,_ 
and the thin walled portion portions 10a are formed in 
a smoothed manner. 

[00301 FIG . 4 is a perspective view showing the positional 
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relationship between the vibration source 13 and the 
paoo passage 20. _A pair of the pressure roomo chamber s 
10, 10 shown in FIG. 3 are transversely arrayed inparallel, 
above which the vibration source 13 is located and formed 
in a longitudinal shape along the longitudinal direction 
o f the paoopassage 20 connecting te-the mul t iple pressure 
roomo chambe rs 1 0 . 

[00311 The vibration source 13 has also a structure for 
vibrating upward upwardly and downward downwardly as 
the actuator 13b, by applying a predetermined voltage 
signal, the position shown in FIG . 4 of the lower surface 
of the vibration source 13 is lowered with respect to 
the base frame on which it is mounted, causing the 
paoo passage 20 to deform, the supplied liquid is 
discharged from the discharging outlet 11 of the 
respective pressure room chamber 10 as a — liquid- drop 
drops at the same time by conveying the liquid to the 
respective pressure roomo chambers 10 simultaneously due 
to the pressurized force generated in the paoo passage 
20. — t-h-e — contrary, — a-s- As the lower surface of the 
vibration source 13 rises upward upwardly to return to 
the original position, the paoo passage 20 also returns 
to original sharp shape and a— liquid is supplied to the 
paoo passage 20 due to a negative force and as the device 
prepares for the next ejection. A liquid — drop io Liquid 
drops are ejected in a spraying manner by repeating this . 

[00321 FIG . 5 is also an illustration showing t**e — 
othc r another embodiment according to the present 
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invention . The pressure r oom chambe r s 10 provides — 
include the — discharging outlet outlets 11 having the 
nozzle hole holes 1 la which io oponcd that open outwardly 
in a lower portion of an end thereof , provides the inlet 
holc inlet s 12 on the other end of the surface whore on 
which the discharging outlet outlets 11 jr^ -are provided, 
and the re levant — respective pressure r oom chambe rs 10 
4r3 — are connected to the p ao o passage 20 via the inlet 
hole 1 2 . Particularly, the thin walled portion portions 
10a of the pressure r oom chambe rs 10 i-s — are formed in 
a convex shape inwardly, and the bridging portion located 
between this and the thin walled portion 10a of the other 
an adjacent p r e s s u r e r oom chambe r 1 0 J_l ocated laterall y ]_y~ 
is formed in the positional relationship of a relatively 
projecting outwardly. _ Then, over the upper wall portion 
of the pressure r oom chambe rs 10, the vibration source 
13 is provided, which is separately formed and with its 
lower surface is formed in a smoothed manner io equipped, 

in*_. FIG- 5 (a) showing — a — usual shows the state 7 — trhre — 

poo i t iona 1 — relationship — e-f- when contact between the 
lower surface and the upper surface 14-a of the bridging 
portion 14 being — contacted — with — each — other — is kept. 
Moreover, the vibration source 13 is also formed in a 
longitudinal shape in a transverse direction so as to 
range over till — the upper wall portion of the other 
pressure rooms chamber s 10 transversely arrayed in 
parallel . 

F00331 T he vibration source 13 also has a structure for 
vibrating upward — upwardly and downward — downwardly as 
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the actuator 13b7 — By applying a predetermined 
voltage signal, the lower surface of the vibration source 
13 is lowered to the position shown in FIG. % — fb-f- 5(b) , 
the bridging portion 14 between the multiple pressure 
rooms chambers 1 0 is de formed downwardly at the same time , 
a— a nd liquid is supplied from the paoo passage 20 to the 
respective pressure r ooms chambe r s 10 due to the negative 
force generated by the respective pressure roomo chambe rs 
10 being rectangularly— deformed. 5 L e — the — contrary, — a^s- 
As the lower surface of the vibration source 13 rises 
upward upwardly t o return to the original position, the 
bridging portion 14 also s imul taneous ly returns to the 
original shape at — the — same — time and a — liquid supplied 
to the respective pressure room chambe r s 10 is discharged 
from the discharging outlet outlets 11 as a-1 iquid- dr op 
drops at the same time^ due to the pressurized force 
generated in the respective pressure roomo chambe rs 10. 
A liquid — drop io Liquid-drops are ejected in a spraying 
manner by repeating this . 

Th e — indu s trial — application — probability lndustrial 
Applications 

100341 As described above, according to the present 
invention of — claim — t, since at least two pressure 
roomo chambers are c onnected to at least one discharging 
outlet and are provided with respect to the — a single 
vibration source of a liquid-drop spraying device, not 
only discharging en bloc discharging from a plurality 
of discharging outlets can be performed only by driving 
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a single vibration source, but Qloo and the width of the 
design can be broadened compared to the conventional 
ones and . This can generate a larger displacement since 
the vibration source itself is larger and uses other 
kinds of materials, thereby rcoultcd resulting in being 
capable of an increased spraying a large amoun t capaci t y . 

[00351 Moreover, the invention of claim 2 io according to 
another embodiment of the present invention, a 
liquid-drop spraying device in which the liquid sump 
and the vibration source are separate bodies is provided . 
O w i n g — Due to this, in addition to the above described 
effects, the vibration source and the liquid sump can 
be separately formed, for example, the vibration source 
is capable of being formed by the from materials enlarging 
which enable enlarged displacement amount and separately 
from the liquid sump. _Moreover, in the case where 
materials for the liquid sump 4=s — are defined as , for 
example, — ^e — a metal, the toughness is enhanced and 
the durability can be enhanced. Then, since the 
material components for forming the vibration source 
does do not dif fuoco diffuse to the side of the substrate 
having — a -housing the liquid sump, the material of the 
substrate becomes is stable and the durability is more 
enhanced . 

[00361 Moreover, the invention of claim 3 is a liquid-drop 
spraying device is provided in which one of the portions 
of the vibration source is fixed on the a fixation section 
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of the base frame and the like, at least one of the portions 
out — of the other vibration section or movable section 
*" 9 — contact cd with contacts the liquid sump. Owing — Due 
to this, the vibration of vibrations from the vibration 
source doe o — do not tranomito — transmit to the fixation 
portion side, and vibrations are m ore efficiently 
tranomito transmitted to the liquid sump and such that 
the spraying efficiency is enhanced. 

[00371 Moreover, the invention of claim 4 io a liquid-drop 
spraying device is provided in which the vibration source 
and the pressure room chamber arc contacted with contact 
each other, and at least one of the contacted surfaces 
is in a convex shape. _ Since many kinds of shapes e-f- 
contactcd can be used for the surfaces can be utilized , 
4^ — the shape can be selected corresponding to the 
materials of the liquid sump and the vibration source, 
the discharging amount and or the like, and to provide 
stable discharging has — been — stable . 

[00381 Moreover, the invention of claim 5 io a liquid-drop 
spraying device is provided in which the vibration 
transmission surface of the vibration source of claim 
Ms smoothed, and the vibration submitted transmission 
surface of the pressure room chamber is a thin walled 
portion projecting outwardly. Since the pressure 
r oom chambe r having a thin walled portion projecting 
outwardly can be easily prepared by utilizing a method 
e-f — forming — a — conventional using conventionally 
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integrated projecting unit forming methods / the cost 
of preparation can be reduced. 

[00391 Moreover, the invention of claim 6 io a liquid-drop 
spraying device is provided in which the vibration source 
and the relevant paoo passage arc contacted with contact 
each other, and at least one of the contacted surfaces 
is in a convex shape. Owing — Due to this, the volume 
change due to the increasing and reducing pros sure — 
pressures applied to the pas s pas sage by from the 
vibration source io are dispersed into a plurality of 
volume reduction ooction — sections via an inlet hole , 
and discharging of the liquid-drop is performed 7 — ^r^_ 
1 1 is not necessary to individually m ount a large number 
of vibration sources indivi du a ll y as the conventional 
onco conventionally known , and the cost of preparation 
can be reduced. 

[00401 Moreover, the invention of claim 7 io a liquid-drop 
spraying device is provided in which the — a bridging 
portion between the pressure roomo chambers io contacted 
with contacts the vibration source . Owing Due to this, 
the bridging portion has a larger thickness larger than 
that of the thin walled portion portions w ith respect 
to the direction of increasing and reducing prco sure 
pressures of the vibration plate and is excellent in 
the — durability and — &F t. In addition, forming the thin 
walled portion in a concave shape, as compared to the 
case where it is formed in a convex sharp — shape and 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



25 



required requires a step of making adjusting the height 

of the convex shape to be a certain level, indicates 

that — oinco — ferh-e — height — e-f — the — bridging — portion — i-s — the 
same with the thickness of the entire device, it is easy 
to make the substrate and the number of steps 4-9 — are 
also reduced , since the height of the bridging portion 
is the same as the thickness of the entire device . 

100411 Moreover, the — invention of claim 8 — is a method of 
manufacturing a liquid-drop spraying device is provided 
in which^ after a liquid sump and the vibration source 
are separately formed, two or more relevant respective 
pressure rooms chambers are provided with respect to the 
re levant — vibration o our cc o — source by integrating the 
liquid sump and the vibration source so that vibration 
e- #vibr at ions from the relevant vibration source i s are 
transmitted to the relevant liquid sump. Owing — Due to 
this, since the vibration source and the liquid sump 
can be formed by different materials and steps, for 
example, the vibration source can be formed by a material 
for enlarging an amount of the displacement amount and 
separately from the conventional sintering material 
materials of liquid sump sumps , and the material of the 
liquid sump can be a metal having a high toughness and 
durability. Then, since the material component forming 
the vibration source does not diffuse to the side of 
the substrate having a liquid sump by reduction of contact 
area, the material of the substrate becomes stable and 
its durability can be more enhanced, and furthermore, 
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the liquid sump and the vibration source can be 
individually checked, and reliability is more further 
secured . 
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